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EXECUTIVE SUMMARY

o The value of DA facilities, as of 1989, was approximately $180
billion.

o Total real property maintenapce activities (RPMA) have been
funded in recent years at approximately $3 billion annually.

o Requirements for RPMA have been considerably greater than funding
since 1987.

o The Backlog of Maintenance and Repair (BMAR) is growing at the
rate of $1 billion per year and is estimated to reach $4.6 billion
in FY 1992.

o New construction has been less than $1 billion in recent years,
increasing pressure to maintain and repair existing facilities.

The Issue Group's major findings are summarized as follows:

Maintenance Resource Prediction Model

o The maintenance resources prediction model (MRPM) estimates costs

effectively --- assuming maintenance is performed according to Army
standards

o MRPM is perceived by potential users as expensive and difficult
to implement and maintain, especially relative to apparent benefits
-Extensive initial data requirements
-Adjustments for maintenance not performed are unavailable in
the current model
~User interface complicated for inexperienced computer users
-No perceived benefits with respect to funding

o Detailed MRPM is not well suited for management purposes and is
not an effective planning tool

-Omits effects of unperformed maintenance

-No mechanism for allocation of limited funds

o Summary MRPM may be able to accommodate management capabilities

o PAVER model has comprehensive predictive and management
capabilities
-Accounts for unperformed maintenance
-Adjusts costs in subsequent years for unperformed maintenance
-Prioritizes activities in order to promote effective use of
limitd funds
-User interface requires only limited training

Sampling

o Statistical sampling reduces costs relative to exhaustive surveys
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without loss of accuracy
o Statistical methods are well understood and widely accepted

o Army Audit Agency (AAA) report demonstrated feasibility and
efficacy of statistical methods

Infrastructure Mana ment Processes

o Real property and infrastructure resource management is more an
jssue of developing and using effective management processes than
of modelling technology

o Current RPMA management practices and processes fail to achieve
rational resource planning objectives and create barriers to
effective resource management

o AAA validation of the Army's FY 89 reported BMAR identified
problems with the resource management of RPMA

o Presentations to the ASB are consistent with the AAA findings

The Issue Group has made several recommendations to overcome
these shortcomings:

Maintenance Resource Prediction Model

o Develop a suite of computer models to manage RPMA

-Provide models at varying levels of aggregation and detail,
and of varying activities
-Use different models conjunctively

o Provide incentives and support for use of computer models
-Introduce individual models via pilot projects
-Avoid concurrent introduction of different models
-Obtain user feedback during model development

o Encourage ongoing use and evaluation of PAVER

-Addresses issues of prediction and management of road
maintenance

-Promotes use of computer models

o Do not add management capabilities to the detailed MRPM
-Model already complicated and detailed
-Difficult to make additions not part of original concept

o Develop models with management capabilities
-Analyze potential to extend summary MRPM
-Study feasibility of new, simplified model




Sampling

o Calculate BMAR by statistical sampling rather than exhaustive
methods

o Validate models (e.g., PAVER) using statistical techniques

o Verify data bases via statistical sampling

Infrastructure Management Processes

o Implement actions encompassing the Army Audit Agency's suggested

actions for achieving more effective management of the Army's
infrastructure, including

-annual update of BMAR
-Annual inspections at selected installations

-Development of real RPMA funding requirements on an Army-wide
basis




"Our Army communities comprise far more than streets, utilities,
buildings and grounds. They are in the basic business of taking
care of people. Army communities are inextricably linked to morale,
welfare and the sense of well-being of soldiers, families and
employees. As such, they are crucial to recruiting, retention and
readiness of our Army."
- M. P. W. Stone,

Secretary of the Army

"Army Communities of Excellence

Guidelines", October, 1989,

DA Pamphlet 600-45

PROBLEM STATEMENT

Army installations do not have a standard, consistent method
for determining operating, maintenance and repair (OM&R)
requirements that is based on actual facilities at installations,
Lack of an accurate standard method for estimating requirements can
lead to under funding. This in turn leads to a large Backlog of
Maintenance and Repair (BMAR). The impact on the soldier is that
he/she works, trains, and lives in substandard facilities. This in
turn can lead to a less prepared Army, with morale and motivation
problems and finally to retention problems. These impacts are
costly and in the new era of reduced force structure and reduced
funding levels may result in a more costly, less effective Army.
As good stewards of Army facilities, the Corps of Engineers and the
Directorates of Engineering and Housing need a method(s) for
accurately estimating the requirements.

Current methods of estimating OM&R requirements depend heavily
on historical expenditures which reflect what was spent, not what
should have been expended to meet OM&R needs. Lack of a valid
method of estimating requirements makes it difficult for Army o&M
officials to convince those responsible for budget decisions to
commit the needed funds and for the Army staff to convince higher
levels of its facilities needs.

In 1983, an Army Steering Committee was formed by DAEN-ZCF to
define requirements for a maintenance resource prediction model.
The primary objective of the model was to provide installations,
major Army commands (MACOMs) and Headquarters, Department of the
Army (HQDA) with a method to accurately determine maintenance
requirements. The Steering Committee was composed of
representatives from ten installations, five major commands, and
all Army offices involved in determining resource requirements.
The Steering Committee set forth specific requirements for a
maintenance resource prediction model. The model was to provide a
tool to identify the total resource requirements that the Army
should be requesting to maintain a facility or facilities according
to published Army maintenance standards. The model was to provide

4




resource information based upon the actual components found in Army
facilities and the Army's maintenance standards.

In 1983, the U. S. Army Corps of Engineers Construction
Engineering Research Laboratory was tasked to develop a model for
estimating all maintenance and repair (M&R) requirements. The
first area funded was the M&R of buildings, which account for about
60 percent of facilities M&R expenditures. The Maintenance
Resource Prediction Model (MRPM) was developed and tested at four
installations (Forts Bragg, Ord, Devens, and Leonard Wood) in 1986
through 1989. A summary MRPM was also developed, using data from
four test installations, that can be applied at the installation,
MACOM or HQDA level. The summary MRPM has been used by HQDA and
MACOMs as one tool in determining resource requirements. Forces
command (FORSCOM) has used the summary MRPM for determining funds
distribution for the past two years.

The U.S. Army Corps of Engineers Directorate of Research and
Development (CERD) needed an evaluation of the MRPM and other
methods to assist in determining where cost effective future
research and development (R&D) programs should be directed in this
management area. The CERD requested the Assistant Secretary of the
Army (Research, Development and Acquisition) to task the Army
Science Board to study this issue. By letter dated 17 Apr 91, Mr.
Stephen K. Conver, Assistant Secretary of the Army (Research,
Development and Acquisition) requested the Army Science Board to
conduct a study on "Predicting Outyear Resource Requirements for
Maintaining, Repairing and Operating Army Facilities" (Appendix A).

The Army Science Board developed Terms of Reference (Appendix
B) and established a Issue Group in the Infrastructure and
Environment Panel (Appendix C) to address this issue. The Issue
Group met three times in the Washington DC area and two members of
the 1Issue Group visited Army installations (Appendix D.)
Presentations were made to the Issue Group dealing with the subject
from various components of the Army command (Appendix E). In
addition, the Navy provided information on their approach to
predicting outyear resource requirements. An overview of a variety
of maintenance and repair problems at a number of Army
installations is provided in Appendix G. The findings and
recommendations contained in this report represent a group
consensus after a deliberate review and evaluation of the material
provided through presentations and various reports.




ISSUES

1. Appropriate modeling of maintenance requirements for use in
prediction, management and resource allocation.

2. Introduction of statistical methods throughout the maintenance
process, as alternatives to exhaustive surveys.

3. The process for managing resource property maintenance
activities (RPMA).

NDINGS RECOMMENDATIONS
ISSUE #1

o Appropriate modeling of maintenance requirements for use in
prediction, management and resource allocation.

Findings:

o The maintenance resources prediction model (MRPM) estimates

costs effectively assuming maintenance is performed according to
Army standards

o MRPM is perceived by potential users as expensive and
difficult to implement and maintain, especially relative to
apparent benefits

-Extensive initial data requirements

-Adjustments for maintenance not performed are
unavailable in the current model

-User interface complicated for inexperienced computer
users

-No perceived benefits with respect to funding

o Detailed MRPM is not well suited for management purposes
-Omits effects of unperformed maintenance
-No mechanism for allocation of limited funds

O Summary MRPM may be able to accommodate management
capabilities

© PAVER model has comprehensive predictive and management
capabilities
-Accounts for unperformed maintenance

-Adjusts costs in subsequent years for unperformed
maintenance

-Prioritizes activities in order to promote effective use
of limited funds

-User interface requires only limited training




Recommendations;

o Develop a suite of computer models to manage RPMA
-Provide models at varying levels of aggregation and
detail, and of varying activities
-Use different models conjunctively

o Provide incentives and support for use of computer models
-Introduce individual models via pilot projects
-Avoid concurrent introduction of different models
-Obtain user feedback during model development

o Encourage ongoing use and evaluation of PAVER
~Addresses issues of prediction and management of road
maintenance
-Promotes use of computer models

© Do not add management capabilities to the detailed MRPM
-Model already complicated and detailed
-Difficult to make additions not part of original concept

© Develop models with management capabilities
-Analyze potential to extend summary MRPM
=Study feasibility of new, simplified model

Discussion:

The scale of the Army's real property maintenance activity
(RPMA) --- some $3 billion annually --- mandates use of computers
at all levels, from detailed data bases of facilities and their
conditions to highly aggregated, management-oriented models used
for preparation and allocation of budgets.

Several models exist already: the Integrated Facilities System
(IFS) data base, the Real Property Planning and Analysis Systen
(RPLANS), the Maintenance Resources Prediction Model (MRPM) , PAVER
and others (some developed by individual installations for "localn
purposes). These models vary rather significantly in terms of the
issues they address, their level of detail, their stage of
development, and their "user friendliness". Moreover, there is wide
variation in user receptivity to the models.

The MRPM, which we were asked specifically to evaluate,
consist of two versions. The detailed version requires detailed
data on building component materials and quantities; these are used
with associated required maintenance and repair tasks occurring
over the life of the component to produce estimates of resource
requirments for each year in the future, up to 120 years. The
Summary model was developed using results from applying the
detailed model to a large sample of Army buildings at four Army
installations. This application resulted in typical maintenance
and repair cost curves over time which can be used at any
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installation or at MACOM or HQDA levels. The only data needed to
use the Summary model is the building use category code, year of
construction and area in square feet.

The detailed MRPM appears to be effective for estimating
costs. However, the MRPM incorporates an assumption that seems
inconsistent with reality, namely that maintenance is performed
according to Army standards (especially regarding frequency). The
MRPM appears to be capable only minimally, if at all, of
accommodating the effects of unperformed maintenance, especially as
they increase the cost of performing the same activity at a later
time. Neither does the MRPM provide guidance for use of limiteg
maintenance funds. The lack of these management capabilities jis
not, of course, a shortcoming of the MRPM, but simply a
characteristic of this particular model.

The empirical evidence, from presentations to the Study Group
and visits to installations, is that potential users of MREM show
reactions that are indifferent at best. These reactions appear to
be based principally on two factors: the expense and difficulty
involved with implementing the model given the lack of apparent
benefits from its use, and the "fear" that its "predictions" will
deviate dramatically from actual spending patterns. Perceived
benefits from using MRPM are limited because there seems to be no
confidence that it will lead to more appropriate funding levels,

Other models --- PAVER (an automated Pavement Maintenance
Management System developed by the U.S. Army Construction
Engineering Research Laboratory) in particular --- seem to contain
more comprehensive management capabilities and to have been
received more favorably by the user community. Specifically, PAVER
has the capability for storing inventory and inspection data,
analyzing pavement conditions, predicting future pavement
conditions, comparing cost of maintenance and repair alternatives,
forecasting budgets, analyzing budget scenarios and developing
annual and long range work plans. PAVER uses modeling techniques
to account for the age and condition of the roads, the
deterioration process, and for the increased costs of unperformed
maintenance. PAVER also provides a prioritized list of projects
that facilitate effective wuse of 1limited funds. PAVER's
capabilities provide an effective means of using limited funds on
those projects where "cost of deferral" will lead to excessive
future maintenance cost. In addition, PAVER is perceived both
within the Army and outside (e.g., by municipal governments) as
usable and valuable. )

We believe that a "suite" of computer models to support
management of all aspects of the Army's RPMA is desirable. These
models should be at varying levels of aggregation, from the extreme
detail of the MRPM to a (currently nonexistent) "minimalist" model
used for high-level management analyses. The models should,
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moreover, address different RPMA activities, broken down for
example by facilities category (buildings, roads, ...) and by
function (inventory, requirements estimation, resource allocation,
...). These models should be developed and used conjunctively, so
that each can take full advantage of the strengths of the others.

In addition, the process of software development and
dissemination needs to be done more rationally and coherently.
Potential users should be part of the process from its inception,
and be consulted throughout. New models should be introduced in a
pilot basis and concurrent introduction of different models (which
generates "noise" and "overload") should be avoided. Finally,
incentives for use of models should be positive, if possible. For
example, users might receive technical and financial assistance in
implementation, rather than having to fund all start-up costs from
operating budgets.

The extant models dealing with maintenance of buildings lack
certain essential management capabilities. In particular they do
not account for the effects of unperformed maintenance and they do
not assist in allocation of limited maintenance funds. We do not
believe that it makes sense to add these capabilities to the
detailed MRPM. Not only is the model very complicated already, but
also it is difficult-to-impossible to add capabilities to a model
that were not part of its initial conceptualization. Rather, the
potential of the Summary MRPM to accommodate such enhancements
should be evaluated. In addition, the feasibility or desirability
of developing entirely new models (which may well have data from
the MRPM as inputs) should be studied as well.

ISSUE #2

© Introduction of statistical methods throughout the
maintenance process, as alternatives to exhaustive surveys

Findings:

o Sampling reduces costs relative to exhaustive surveys
without loss of accuracy

o Statistical methods are well understood and widely accepted

o Army Audit Agency (AAA) report demonstrated feasibility and
efficacy of statistical methods

Recommendations:

o Calculate BMAR by statistical sampling rather than
exhaustive methods

o Validate models (e.g., PAVER) using statistical techniques
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o Verify data bases via statistical sampling

Discussion:

Current Army methodology for determining resource requirements
for maintenance and the Backlog of Maintenance and Repair (BMAR) is
premised on exhaustive surveys. Such surveys have several
shortcomings: they are very resource-intensive, they rely on data
bases of uncertain accuracy, and they are widely perceived as
meaningless exercises, in the sense that they produce estimated
needs bearing no relation to the realities of actual funding.

Although it is possible to debate whether "needs" estimates
independent of funding patterns and prospects are useful at all, we
believe that they are. We also believe, however, that determining
them by means of exhaustive surveys is wasteful and unnecessary,
and moreover, leads those preparing the estimates not to take the
process seriously.

There exist well understood and widely accepted and applieq
statistical techniques for determination of aggregated values such
as BMAR from samples rather than exhaustive surveys. These
techniques are used by government agencies such as the Bureau of
the Census and the Food and Drug Administration, by industry for
purposes of quality control and even in such contexts as public
opinion polls. Their properties, limitations and power have been
established conclusively. By comparison with exhaustive surveys,
statistical sampling techniques are much less costly, yet do not
entail any loss in accuracy. Indeed, it is arguable that there may
be gain in accuracy, resulting from decreased reliance on data of
questionable validity and from more careful attention on the part
of those conducting the sample.

We believe that BMAR values and Unconstrained Requirements
Reports (URRs) determined statistically would be as valid as those
obtained via exhaustive surveys, would be much less costly to
construct, and would be much more credible to both those
responsible for determining them and those by whom they are used.
Indeed, the Army Audit Agency (AAA) report has already shown this
to be the case.

Widespread use of statistical techniques would, we feel, allow
far fewer resources to be consumed in determining the scale of
problems, so that these resources could be devoted instead to
amelioration of the problems. We urge that this be done as
expeditiously as possible. .

There are other RPMA-related contexts as well in which
statistical sampling is germane. These include the validation of
models such as MRPM and PAVER, as well as yet-to-be-developed, more
aggregated models (for which validation is relatively a more
important issue) and the verification of databases, especially
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facilities inventories, which may contain flawed data.

ISSUE #3

o The process for managing resource property maintenance
activities (RPMA).

Findings:

o Real property and infrasgructure resource management is more
an issue of developing and using effective management processes
than of modeling technology

o Current RPMA management practices and processes fail to
achieve rational resource planning objectives and create barriers
to effective resource management

© AAA validation of the Army's FY 89 reported BMAR identifieq
problems with the resource management of RPMA

o Presentations to the ASB are consistent with the AAA
findings

Recommendations:

o Implement actions encompassing the Army Audit Agency's
suggested actions for achieving more effective management of the
Army's infrastructure, including

=Annual update of BMAR

-Annual inspections at selected installations
-Development of real RPMA funding requirements on an
Army-wide basis

Discussion:

The terms of reference given to the ASB Issue Group focused on
the Army's "methods" for predicting outyear infrastructure funding
requirements, particularly the current (and potentially expandable)
Maintenance Resource Prediction Model (MRPM) for estimating future
maintenance and repair costs. This review group notes, however,
that it is impossible to review or evaluate analytic models without
consideration of the decision-making environment. The user-
environment is directly relevant to the efficacy of the planning
tool. Any model or technological tool, no matter how statistically
appropriate or predictively accurate, that does not or cannot
reflect operational reality--the environment in which resource
decisions will be made--will fail to achieve its goals. Such a
model might have the appearance of efficiency but will not be
practically useful (and therefore not be used) by those responsible
for resource planning.

Based on the presentations and discussions concerning the
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Army's current resource management process -- the planning and
budgeting process == it appears that the Army's resource decisions
are more affected by bureaucratic and political issues than by the
presence or absence of any analytic or predictive planning tools.
In our view focusing only on the modeling issues will not make the
Army's real property and infrastructure management situation
noticeably better.

The presentations clearly indicate there is a need to estimate
more accurately current and future Operations, Maintenance and
Repair requirements. The existence of the large and growing repair
packlog is tangible evidence that current resource management
processes are flawed. There is also evidence that the resource
management process as it now exists 1is ineffective from the
beginning through the end--from identification through allocation
to final execution. This evidence is consistent with (and supports)
the findings made earlier (January 1991) by the AAA in their review
of the Army's FY 89 reported Backlog of Maintenance and Repair
(BMAR) (a copy of relevant sections of the AAA report is provided
in Appendix F.)

Program planning and budgeting for OM&R needs are often
influenced by factors other than resource requirements. For
example:

- At the installation level many maintenance and repair
resource requirements are not identified or reported, or else
jdentified but not reported because (1) there is little probability
of obtaining the required funding and (2) the process of
determining actual requirements is itself resource intensive. This
situation is exacerbated by the fact that the objective standards
for maintenance and repair (those of "best professional practice")
--standards to which Army ascribes--have a degree of "fuzziness"
and in fact are not the observed norm for OM&R funding. Stating
requirements according to these standards thus gives an unreal
nwish list" quality to stating OMR needs for installation resource
managers. Since the act of determining physical requirements
(inspections, etc.) itself demands resources, installation managers
often give greater priority to other activities. As a consequence
some actual needs are not identified and never reported.

- There is a disconnect between the "bottom-up" determination
of actual requirement needs and the "top-down" program, budget and
funding process. Furthermore, the FY 88 DOD Appropriations Act
removed the statutory floor that restricted the migration of real
property maintenance activities funding. As a result OM&R™ funds
have migrated out of the program and the BMAR has grown
significantly. This consistent underfunding of needed maintenance
and repair lessened the quality of the Army's built structures,
affecting directly and indirectly the quality of life for those
using those facilities, soldiers and civilians alike.
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- Even when allocated, budgeted OM&R funds are often withheld
until late in the fiscal year when it is difficult to achieve the
necessary bureaucratic coordination for project initiation. Thus,
this "dumping" of funds frustrates achieving the rational
development and execution of needed OM&R projects.

The AAA report noted that the Army is acting to improve the
resource management process and its current initiatives should
improve resource management considerably. We encourage and support
these activities. For instance, the report noted that the Army:

- Has required commanders to establish and meet annual targets
for reducing their facilities inventory, consolidating operations
into the best facilities and demolishing the rest. 1In addition,
the Army has established new policy requiring the elimination of
outdated facilities when installations acquire an equal amount of
new or replacement space.

- Is establishing standards to measure and rate commanders on
their progress toward achieving facilities improvement goals.

- Is 1linking the condition of facilities with readiness,
morale, and productivity.

These initiatives tie responsibility for managing infrastructure to
accountability. Furthermore, they explicitly 1link the built
environment to the quality of life for those using it. These
actions are a step in the right direction.

However, more is needed. For instance, the AAA report
suggested the Army review and revise existing guidance to require
installation officials to inspect, review, update and report the
backlog of existing M&R projects on an annual basis to assure that
such projects are truly necessary and accurately reflect real
needs. Furthermore, these installation reports should be used to
develop the Army's RPMA funding requirements.
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DEPARTMENT OF THE ARMY
ARMY SCIENCE BOARD
OFFICE OF THE ASSISTANT SECRETARY
WASHINGTON, D.C. 20310:0103

APR 1/ 1991

Dr.. Duane A. Adams

Associate Dean

School of Computer Science

Carnegie Mellon University
Pittsburgh, Pennsylvania 15213-3809

Dear Dr. Adans:

Request you appoint members of the Army Science
Board (ASB) to conduct a study for the Infrastructure
and Environment Issue Group on "Predicting Outyear
Resource Requirements for Maintaining, Repairing and
Operating Army Facilities." The Study should address,
as a minimum, the Terms of Reference (TOR) described
below; however, the study group should consider the TOR
as a guideline and not be inhibited from considering
other issues regarding Army infrastructure requirements
that it deems important to the project. Modifications
to the TOR must be coordinated with the ASB office.

I. Background

Army installations do not have a standard,
consistent method for determining Operating, Maintenance
and Repair (OM&R) reguirements that is based on actual
facilities at installations. Each installation uses its
own method for determining future maintenance
requirements. Most methods are based on past funding
and work force rather than projections based on building
inventories, These methods normally do not consider
future facility requirements. The Maintenance Resource
Prediction Model (MRPM), used for projecting OM&R costs,
based on standard maintenance regquirements and the
Army’s facilities database, is one solution to this
problem. However, the MRFM is limited in its current
form since it only addresses buildings (maintenance and
repair) and none of the other Real Property Maintenance
Activities (RPMA) (e.g., operations of utilities, roads,
grounds, and other engineering support activities).

Lack of an accurate standard method for estimating
requirements can lead to underfunding. This in turn
results in the inability to perform required maintenance
tasks and an increase in Backlog of Maintenance and
Repair (BMAR). Without an accurate assessment procedure
the Army’s maintenance and repair budget request loses
credibility with Headquarters, Department of Army,
office of Management and Budget and Congress. The final
impact is that soldiers work, train and live in
facilities which are below Army standards. A major
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benefit of valid requirements estimates is determination

of whether the Army is spending too few or too many RPMA
dollars.

II. Terms of Reference

1. Evaluate the Army'é methods of predicting
outyear infrastructure funding requirements for
maintaining, repairing and operating Army facilities,

especially buildings, at HQDA, MACOM, and Installation
levels.

2. Assess the applicability of the current
Maintenance Resource Prediction Model (MRPM) for

estimating maintenance and repair costs for Army
buildings.

3. Assess the feasibility and need for potential
MRPM enhancements to include:

a. Expansion of the model within the K account
(maintenance) to include all other infrastructure
facilities such as sewer lines, power distribution
lines, pavements, railroads, etc.

b. Expansion of the model into other budget
categories: J account (operations of facilities such as
boiler plants), and M account (engineering support
services such as custodial services, snow removal,
planning and design of projects).

c. Modification of current MRPM for use as an
installation specific model.

III. Study Support

Dr. Robert B. Oswald, Director, Research and
Development, U.S. Army Corps of Engineers will sponsor
the study. The Cognizant Deputy will be Mr. Lawrence O.
Kelley, Assistant Deputy for Installations and Housing,
ASA(IL&E). The Senior Staff Assistant will be Dr.
Thomas L. Hart, Directorate of Research and Development,
U.S. Army Corps of Engineers. The Technical Staff
Assistants will be Dr. Michael O’Connor and Mr. Robert
Neathammer, Construction Engineering Research
Laboratory, U.S. Army Corps of Engineers.




Iv. Schedule

The study group may begin its work immediately with
an expected completion date not later than 30 August

1991. As a first step, the study chairman should submit
a study plan to the sponsor and the Executive Secretary.

V. Special Provisioné

It is not expected that the inquiry will go into
any "particular matters" within the meaning of Section
208, Title 18, of the United States Code.

Sincerely,

tephen K. Conver
Assisfant Secretary of the Army
(Research, Development and Acquisition)
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ARMY SCIENCE BOARD INFRASTRUCTURE
AND
ENVIRONMENTAL ISSUE GROUP STUDY
ON
REQUIREMENTS FOR PREDICTING OUTYEAR RESOURCE REQUIREMENTS FOR
MAINTAINING, REPAIRING AND OPERATING ARMY FACILITIES

BACKGROUND

Army installations do not have a standard, consistent method
for determining operating, maintenance and repair  (OM&R)
requirements that is based on actual facilities at installations.
Each installation uses its own method for determining future
maintenance requirements. Most methods are based on pPast funding
and work force rather than projections based on building
inventories and actual conditions. These methods normally do not
consider future facility requirements. The Maintenance Resource
Prediction Model (MRPM), used for projecting OM&R costs based on
standard maintenance requirements and the Army's facilities
database, is one solution to this problem. However, the MRPM jg
limited in its current form since it only addresses buildings
(maintenance and repair) and none of the other Real Property
Maintenance Activities (RPMA) (e.g., operations of utilities,
roads, grounds, and other engineering support activities).

Lack of an accurate standard method for estimatin
requirements can lead to under funding. This in turn results in
the inability to perform required maintenance tasks and an increase
in Backlog of Maintenance And Repair (BMAR). Without an accurate
assessment procedure the Army's maintenance and repair budget
request loses credibility with Headquarters, Department of the
Army, Office of Management and Budget and cOngress: . The fix:xal
impact is that soldiers, work, train and live in facilities which
are below Army standards. A major benefit of valid requirements
estimates is determination of whether the Army is spending too few

or too many RPMA dollars and enhanced credence in the predicted
funding requirements.




ERMS OF REF C

1. Evaluate the Army's methods of predicting o
i i ut
jnfrastructure funding requirements for maintaining, repgirinéyziﬁ

operating Army facilities, especially buildings
and installation levels. Y gs, at HQDA, MAcCoM,

2. Assess the applicability of the current Mainte
[] [] nanCe
Resource Prediction Model (MRPM) for estimating main
repair costs for Army buildings. 9 tenance and

3. Assess the feasibility and need for potentia
enhancements to include: P 1 MRPFM model

‘ a. Expgnsion of the model within. the K account
(maintenance) to include all other infrastructure facilities such
az sewer lines, power distribution lines, pavements, railroads
etc. '

b. Expaqsion of the model into other budget categories:
J account (operations of facilities such as boiler plants), and M
account (engineering support services such as custodial services
snow removal, planning and design of projects). '

c. Expansion of current Army wide MRPM for use as an
installation specific model.
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ARMY SCIENCE BOARD
Infrastructure and Environment Issue Group Study
on
Requirements for Predicting Outyear Resource Requirements
for
Maintaining, Repairing and Operating Army Facilities

SCHEDULE OF EVENTS

1. 8 February 1991 - Dr. Robert B. Oswald, CERD, requested ASB to
initiate a study on modeling Army infrastructure funding
requirements.

2. 17 April 1991 - Mr. Stephen K. Conver authorized the ASB to
initiate a study on "Predicting Outyear Resource Requirements for
Maintaining, Repairing and Operating Army Facilities." Provided a
Terms of Reference and list of proposed Issue Group members.

3. 17 May 1991 - First meeting of the Issue Group in Alexandria,
Virginia.

4. 17 June 1991 - Dr. George Piegari visted Ft. Lee, Virginia
5. 24 June 1991 - Dr. Alan Karr visited Ft. Meade, Maryland

6. 27-28 June 1991 - Second meeting of the Issue Group in
Springfield, Virginia.

7. 17-18 July 1991 - Third meeting of the 1Issue Group in
Alexandria, Virginia, to prepare draft report.
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Report EC 91-705 31 JANUARY 1991

VALIDATION OF THE ARMY'S FISCAL YEAR 1989
REPORTED BACKLOG OF MAINTENANCE
AND REPAIR

We performed this special review at the request of the
Office of the Assistant Secretary ©of the Ammy
(Installations, Logistics and Environment). The report is
an internal document of that office. Therefore, we will’
forward any request for this report toO the Office of the
Assistant Secretary of the Army (Installations, Logistics
and Enviromment).
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WHAT WE REVIEWED

The Assistant gecretary of the Army (Installations,
Logistics and Environment) requested that we validate the
FY 89 reported backlog of maintenance and repair. We
performed the review at offices at the DA staff level,
selected major commands, and installations in CONUS.

OBJECTIVES AND CONCLUSIONS

We had two objectives to answer on this review. The first
obijective concerned the accuracy of the reported FY 89
backlog of maintenance and repair. The second objective
concerned the computation of the annual recurring
requirements for maintenance and repair.

Objective: To statistically determine if the Army’s FY 89
reported backlog of maintenance and repair was .
overstated or understated, by how much, and the major
causes for the overstatement or understatement.

Conclusion: We statistically validated the FY 89 projects

reported to DA as maintenance and repair backlog and
found that:

- The $793.6 million reported by Forces Command and

U.S. Army Training and Doctrine Command was
reasonably accurate.

- The $64.7 million reported by installations of
U.S. Army Western Command within Alaska and
Hawaii was substantially understated.

In addition to the statistical validation of the FY 89
maintenance and repair backlog, we identified

, $313.2 million of maintenance and repair work that

installations had identified, but not reported to DA.

(- We also identified at least $§l1 pillion of maintenance
and repair work at four installations that the
installations had not identified and reported
previously to DA. Thus, the Army's FY 83 backlog of

maintenance and repair was significantly understated
by at least §1.3 billion.

The major causes for not having an accurate backlog
were that:

;ul Year 1989 Rasported Backlog of Maintenance and lapair (1€ 91-703) Summary of the Raview/Page 3
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- DA had not established procedures for period-
ically reviewing backlog lists and annually
updating backlog cost estimates.

- Installations were not required to report all
maintenance and repair work.

Objective: To determine if installations properly applied
established procedures for determining annual
recurring requirements for maintenance and repair.

Conclusion: Installations followed established
procedures for determining annual recurring require-
ments for maintenance and repair. However, the
procedures Army regulations prescribed for determining
annual recurring requirements resulted in installa-
tions computing their resource needs on prior fiscal
year funding. Thus, the resources required to
adeguately operate and maintain their real property
investment usually were significantly understated.

7iscal Year 1989 Reported Backlog of Maiatensace aad Repair (EC 91-705) Summary of the Review/Page 6




OBSERVATION: BACKLOG OF MAINTENANCE AND REPAIR

For the Assistant Secretary of the Army
(Instafiations, Logistics and Environment)

SUMMARY

Our statistical validation of the FY 89 maintenance and
repair backlog reported to DA by Forces Command and

U.S. Army Training and Doctrine Command showed that the
$793.6 million was reasonably accurate. Our statistical
validation of the $64.7 million backlog that installations
of U.S. Army Western Command within Alaska and Hawaii
reported to DA for FY 89 showed that the backlog was

. understated by about $21.4 million. However, the actual

\ amount of maintenance and repair backlog for these three

major commands was significantly understated by over
$1.3 billion because: '

- About $313.2 million of maintenance and repair work

was identified by the installations, but not reported
to DA.

| - Over $1 billion of maintenance and repair work was not
' identified and reported to DA.

The major causes for the reporting inaccuracies were that
Army procedures did not require installations to review
periodically the backlog projects to identify and exclude
invalid projects, and to update project cost estimates for
inflation and deterioration. Also, the installations were
not required to report all known maintenance and repair
work. Furthermore, installation engineering and housing
personnel placed little emphasis on the accuracy of

; reported backlogs for two reasons.

- Continuous resource constraints were placed on their
program.

- -Personnel felt that they would not receive sufficient
Fesources to accomplish the current year’s repair

requirements or to contain or reduce the continued
growth of their backlogs.

In addition, we found that installations followed
established procedures for determining annual recurring
requirements for maintenance and repair. But current Army
regulations prescribe procedures that result in
installations computing their resource needs on prior year
funding levels. As a result, installations significantly- -

-P:;ul Year 1989 Reported Backlog of Maiatenmance and Repair (2C 91-705) Paret 2/Pagse 19
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understated the amount of resources required to maintain
their real property inventory.

Our suggested actions for DA personnel managing the real
property maintenance activities program begin on page 32.

DISCUSSION

This section discusses five areas:
- Validation of the FY 89 backlog.
- Unreported valid maintenance and repair work.
- Annual recurring requirements.

- Containment of the backlog.

- Management of the real property program.

Validation of the FY 89 Backiog

The reported FY 89 CONUS backlog of maintenance and repair

totaled $933.8 million--$793.6 million (84.9 percent) was ]
reported by Forces Command and Training and Doctrine

Command. We statistically validated the backlog these two

major commands reported and determined that they had

overstated the backlog by $54.6 million (6.8 percent). We

also statistically validated the $64.7 million backlog

Alaska and Hawaii installations of Western Command reported

and determined that they had understated the backlog by

$21.4 million (33.1 percent).

FY 89 Backlog of Maintenance and Repair

(Millions)
Amount Difference
Major Command Reported Validated Amount Percent
Forces Command $401.3 $370.4 $30.9 7.7
Training and -
Doctrine o
Command 392.3 368.6 23.7 6.0 .erg+e~0
Western Command 64.7 86.1 (21.4) 3.1 - —m/
Total $858.3 $825.1
Fiscal Year 1989 Reported Backlog of Maintenance and Repair (EC 91-703) Paze 2/Page 20




- Increase the accuracy of reported requirements.
- Help contain and reduce reported backlogs.

- Improve the credibility of the Army’s real property
maintenance activities program.

Factors Affecting the Containment of Backlog

Managers placed little emphasis on the accuracy of reported
backlogs and on identifying and reporting needed
maintenance and repair work because of:

- Continuous resource constraints placed on their
programs.

- Their longstanding belief that they would not receive
sufficient resources to reduce identified backlogs.

- Migration of maintenance and repair funds.

As a result, the reported backlog of maintenance and repair
does not furnish a reliable basis for determining the true
condition of the Army's real property inventory nor show

. the extent of resources required to bring the Army'’s real

. property inventory up to standards.

Resource Constraints .

Installations did not receive sufficient funding to
accomplish their reported annual recurring requirements and

generally operated with fewer personnel than their workload
requires. We found that:

- Of the 27 installations revieswed, 20, because of
personnel shortfalls, did not perform periodic
inspections to identify maintenance and repair work
that needed to be done. As a result, they generally
relied on work requests from building occupants as the

primary means for identifying needed maintenance and
repair work.

- Installations received a significantly lesser amount
of funding than was requested.

The following chart shows the personnel strength and
funding during FY 89 at the four installations where we
performed facilities inspections.

Fiscal Yeaz 1989 Reported Backlog of Maintenance and Repair (IC 91-703) Pare 2/Page 29




Personnel Strength Annual Recurring R irementsg
(uilIions)
Assigned

Percent
Installation Required Number Percent Reported Funded Tunded
Fort Benning 24 16 66.7 $34.7 $24.1 69.5
Fort Lewis 22 13 59.1 42.1 19.9 47.3
Fort Polk 14 11 78.6 14.8 12.8 86.5
Fort Lee 8 6 75.0 39.1 14.7 37.6

As a result of the personnel and funding constraints placed
on the real property maintenance activities program, the
Army‘’s FY 89 maintenance and repair backlog grew by

$214.7 million (33.2 percent) for the three major commands
included in our review. Furthermore, at least $1 billion
of work within Forces Command and Training and Doctrine
Command wasn’'t identified and reported to DA.

Migration of Maintenance and Repair Funds

Beginning with the FY 88 DOD Appropriations Act, Congress
removed the statutory floor that restricted the migration
. of real Property maintenance activities funding. As a
result of the removal of the sStatutory floor, an increasing ]

rated out of the program while the real

i property backlog grew significantly as shown in the
following chart.

Maintenance and Repair Funds
(Millions)
-FY 86 FY 87 FY 88 FY 89
Appropriated $1,320 $1,729 $1,479  $1,485
Migration $9 $79 $291 $197
Migration Percentage 0.6 4.5 19.6 13.3
Backlog Growth $(116) $48 $554 $627

Although we did not analyze the specific reasons for the
migration of the $488 million during FY 88 and FY 89, the
Army needed to establish a maintenance and repair floor to
minimize the discretionary use of these funds to cover
other funding shortfalls. we recognize that the
installations have emergency requirements; however, the
condition of the installations has to become a prima
concern of the Army. Establishing a maintenance and repair
floor would increase the credibility of the Army’s real
property maintenance activities program with Congress.

Tiscal Year 1989 Raported Backlog of Maintenance and Repair (EC 91-705) Part 2/Page 30



For example, in the House Armed Services Committee’s markup
of the Army’s FY 91 budget proposal for the real property
maintenance activities program, the committee was concerned
about the expenditure of real property maintenance
activities funding. Specifically, Army personnel at all
levels often diverted money from the real property mainte-
nance activities account to pay for other contingencies.

As a result, the committee indicated that closer monitoring
of real property maintenance activities’ expenditures is
warranted to preclude the program from being a habitual
source of funds. Establishing a maintenance and repair
floor would not only increase the credibility of the Army's
program with Congress, but it would also help contain and

reduce the significant growth in the maintenance and repair
backlog.

Management of the Real Property Program

Many of the problems that plagued the Army’'s management of
the real property maintenance activities program in the *
past continue to exist. Our prior reviews of the program--
as well as by other audit organizations, investigative
organizations, and consultants--have addressed the Army’'s -
inability to fully fund and accurately identify annual
recurring requirements and the backlog of maintenance and
repair. Essentially, the growth in the backlog will
persist until managers at all levels make a concerted
effort to develop and implement a viable plan to contain
and reduce the maintenance and repair backlog.

The Army's current initiatives for the real property
maintenance activities program included:

- Requiring commanders to establish and meet annual
targets for reducing their facilities inventory and
consolidating operations into the best facilities and
demolishing the rest.

- Establishing standards to measure and rate commanders
on their progress towards achieving facilities
improvement goals.

- Linking the condition of facilities with readiness,
morale, and productivity.

These initiatives show the Army’s concern over the program
and its commitment to achieving the maintenance and repair
goals outlined in the Army facilities strategy. However,
the Army must also fully fund annual recurring requirements
and require managers at all levels to commit themselves to
identifying the total maintenance and repair needs of the

‘e
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real property inventory. Incorporating the suggested
actions contained in this report into the current
initiatives for the program would increase the credibility
of the Army real property maintenance activities program
and help achieve the goals of the Army‘’s facilities
strategy.

SUGGESTED ACTIONS

1. Clarify and revise guidance in AR 420-16 to require
installations to:

- Review the backlog of maintenance and repai- projects
annually to identify and exclude maintenancea and

repair projects that do not meet the established
criteria.

- Update cost estimates of backlog of maintenance and

repair projects annually for inflation and
deterioration.

2. Establish a program requiring the major commands to
annually inspect facilities and utilities at selected ]

installations and document the results for future program
requirements.

3. Require installations to report all known maintenance

and repair work in their unconstrained requirements report.
Specifically, this should include:

Current backlog of maintenance and repair projects.

- Prior projects documented .ut not scheduled for
execution.

- Maintenance and repair work identified through the
inspection program.

4. Use the maintenance and repair work reported to DA
(from Suggested Action 3) to develop the Army’s real
property maintenance activities funding requirements.

Piscal Year 1989 Reported Backlog of Maiotenance szd Repair (EC 91-705) Pare 2/Page 32




5. Revise the procedures in AR 420-16 for determining
annual recurring requirements by requiring installations to
determine annual recurring requirements using the
Maintenance Resources Prediction Model.

6. Either establish a maintenance and repair floor or
restrict the use of maintenance and repair funds to only

maintenance and repair work.

Piscal Yeaz 1989 Reported Backlcg of Maintenanse and Repair (EC 91-703) Part 2/Page 13
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REFAIR ROADS FORT BRAGdE, NC

Many roades on Fort Bragg are in poor condition. Had these nroads
been routinely maintained over the past 4-§5 years, 1.e, c¢racke
sealed and roads overlaid, it would have roughly cost about £3.50
per square yard. Due to funding conetrainte, these roads have
not been sufficiently maintained and have geverely deteriorated.
An average cost of about ®18.00 per square yard will now have to
be spent to correct the failing roads, figuring on a 6-8 inch
bage recongtruction. The problem in not having adequate funds to
correct all the deteriorating roads is that for the last 5-6
yeaars we have been forced to fix only major problems. 1If we had
gufficient rezources, i.e, funde and peregonnel, we could correct
the major problems as well ag the minor ones and save money by
avoiding the major probleme in the future. In other words, we

have to spend more money today to avoid greater expenze tomorrow.

Enclosed are 13 photos showing szome of the worse roads on Fort
Bragg. Plcture #9, Gruber Road, was estimated at £658,000 in
1987. Gruber Road has deteriorated gignificantly =zince that time
and will cost approximately £789,600 if work iz accomplished now,
Another example iz chown in Pictures 10 and 11. In 1687

Honeycutt Road would have cost £478,000: today it would cost
about &573,600.
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